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(54) Abstract Titl« 

S^nufsctura erf friction olomonts 



(57) A method of manufacturing a sheet of friction 
material for an automobile brake shoe, and apparatus 
therefor, includes forming a plastic lining element of 
uncured or green thermosetting resin binder containing 
friction modifiers and fibrous reinforcements and curing 
the resin binder In a defined heat and pressure regime 
which cures the resin binder by cross-linking and 
produces a sheet of defined dimensions and whose major 
faces are not disrupted by gases evolved during the 
curing. The neod for a dosed mould and/or venting slops 
is avoided by use of a stabilising press (50, Fig 3(a)) which 
includes a heated bed 52 between guide plates 56, 57 to 
receive such lining element in its green state. The guide 
plates are spaced slightly further apart than the width of a 
closure member 53 which is, having been pre-heated, 
brought down onto the lining element and pressed by a 
pn umatic ram 70, the loosely sliding closure member 
comprising a nonhealing closure of the press. The 
previously heated surface 52 of press bed and closure 
member 53 combine with the lightly ramped-up pressure 
to create setting-up of the surface resins and fix final 
dimensions; the ram position is then clamped to p>enr»tt 
internal pressure growth as curing proceeds and gases are 
vented without disrupting the sealed major surfaces. After 
less than 1 minute the lining element sheet is sufficiently 
cured and dimensionally atabto to be taken from the press 
and baked unconstrained to effect final cure. 
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Manirfactunp ^ ThaiTnosat Producte 

This invention relates to products fomwd and defined by thermoset resin, such as fridion 
linines tor ftfcSon elements such as brake shoes or dutch plates, and in particular relates to the 
manufacture of such friction linings. 



The invwiton is particulafly. but not exclusively, applicable to friction linings for brake shoes of 
thecyfindfteillyaweuatedwm type wherein the shoe comprises a cyHndricaBy amiate 

pjatfbim. on xtfhich a correspondingly arojate lining is carried, and a transveise supporting 
vveb. ft is however also applicabte to friction inings for brate shoes of tt^ 
type and to similar flat friction Bnings used vwlhin a dutch arrangement 

Friction Mtgs are commonly pirxJuoed ftom a mixture of fibrous and/or filamentary 
reinforeement rrwrterials and friction modifyif>g materials m a complex copolymer matrix of 
thermosetting rwin and nitrite rubber as a binder, the mixture initially being rolled at or near 
ambient tomparature Into slabs or sheets, often having an area corresponding to a plurality of 
lining elements to be eventually cut therefrom. The so^alled green lining sheet, that is. of 
vyhich the thsrmosetting rtwiterials have not begun any ooss-linking. is plastic and may be 
subject to ffl curling, or so-called radius^cMing. operation to give it a cun/ature in one cylindrical 
plane if intervded to bs used with an arcuate brake shoe. 

In such toxKWi ptooass, the green lining shest is damped to preserve or redefine its thk*ness 
aind subf«ct®d to a resin curing operation, that is. a heating regime whk*i initiates cross-linWng 
of the thermosetting components, aocompanied by setting^jp. or reduction in plasticity, that 
rasulta from the aosa-linking. The sheet emerges from ttie regime as a non-plastic, and often 
substantially rigid, sheet having the appropriate degree of hardness and strength required of 
the fricJton lining, both for a fricttonal operation and to pennit it to be handled and machined to 

the de3«\sd dimenswns (and possibly curvature) cut ffito indivklual linings, and secured to a 
carrier to make the friction element 



In 



respect of making such cylindrically arcuate lining sheets emptoyed for brake shoes. It has 
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been typical to optimise resources by combining a I ngthy curing time wrtti simultaneous curing 
of a large number of sheets. 

To this end. each arcuate green lining sheet is disposed in a similarly arcuate, rigid carrier 
formed of cast iron or steel with another carrier (also carrying a lining sheet) supported thereon 
to sandwich the lining sheet a stack of such carriers being subjected to a constant and 
relativefy low pressure of about 87 kN/m^ (12 psi), A plurality of stacks are assembled and then 
placed in the preheated oven where they are heated slowly to avoid the necessity for periodic 
disassembly and. if binder resin requires, venting to maintain sheet integrity during the heating 
and aoss-linking, upon attendant generation of intemal gases ar>d pressures resulting 
therefrom, and after a predetermined interval are removed from the oven and cooled to 
fadfitale further handling and processing. 

It be appreciated that such a traditional t>atch prooessing arrangement represents a 
comprt>mise t>etween simplicity of the process and extravagant resource usage that has 
sev^ drawbacks that may be less suited to modem energy usage and plant investment 

For instance, each stack of carriers and green lining sheets that is assembled at ambient 
temperature arKj placed into the oven has a significant thermal mass so that a plurality of such 
stadcs requires a significant heat input arrd time to raise the temperature Unereof and initiate 
resffi cross-linking within the lining sheets, and account for a significant part of the duration of 
the bakirig process and of the energy consumed by the oven in ttiat time. However, because it 
is in the interests of the curirtg process that an initially slow and unifomn rise in temperature is 
achieved that avoids venting stops, this absorption of heat by the relatively cold stacks 
achieves the desired process parameters. Furthermore, to achieve a significant manufacturing 
tfm>ughput the oven requires to have a capacity to accept and heat a number of stacks 
sirmitaneously. The carrierSp after renrK>val from the oven have to be cooled, or permitted to 
cool, to ambient temperature before further use. that is. a significant proportion of the oven 
en&gy is experxied in raising the temperature of the large number of carriers, and which 
energy is subsequently wasted by their cooling. 

Typtcaity. a baking operation of some 8 stacks, each of 1S-20 sheets, requires some 5 hours in 
an oven heated to 240-3CKyC. th subsequent cooling taking additional time and/or resources. 

No^sAthstanding the energy consumption, it will also be appreciated that for each size and 



o 
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shape (cun/ature) of green lining sheet a suffident number of earners is rBquired to cx.mpi0te at 
toast WW toad of the taking oven, ihsrt d, a significant investment is required in the earners as 
as wen aiwgy corwurr^rtkxi for tha baWr^g op 

Presarvir^ «ha gensraWy of the foregoing as to the shape of the lining sheet, it is an object of 
the prasant invention to provide a method of manufacture, and a manufacturing arrangament. 
by >ft*«ch such 3h«ats of friction lining can be manufactured more quickly and with less plant 
investment than hitherto. 

According to a first aspect of the pres«it invention a method of manufacturing a friction lining 
comprises (1) producing a plastic, grteen friction fining sheet including fibrous and/or 
filamentary rsinforcerr^ent and friction modifying materials in an unoirad thermosetting binder 
matrix, bstow a settingHjp temperature required to initiate cross^inking of the binder matrix and 
disposed ba<«««en opposite major faces defining the sheet thickness. (2) disposing the green 
lining sheet in a stabilising press, having a bed confomiing substantially to the shape and 
dimensions rtsapjired of a major fiM» of the lini^ 

non-saafing dosure member, conesponding to the shape required of the opposite major face 
of the fining sheet, at least one of sakJ bed and ctosure rnertiber being heated to a temperatiw^ 

in exowa of sakl setiingHjp temperature. (3) applying to the sandv«rtched green lining sheet, by 
way of the dosure member and bed. a consdidaling pressure increasing over a predetennined 
cxKisottdation inten/al from substantially zero to a predetermined level permitting plastic flow of 
the «h«»t Into conformity vwih the recessed bed and ctosure member but without significant 
extmskm before onset of ooss^inWng of the themwsetting resin binder, and thereaWer 
n«lntainlng the separation between member and bed achieved at the end of the consolkJalton 
inten/ai fbra setting^^) interval to pemiit cross^inking a<«acent the heated surfaces to define a 
partially cured. dimensionaBy stabilised intemiediate lining sheet having the final dimensions of 
the llnino. (4) removing the bonded intemwdiate INng sheet from the stabilising press and (5) 
baking the intem»8di8tB fining sheet unconstrained at a prBdeterminsd baking temperature in 
axodss of saw selting-up temperature and for a baking inten/al to effect further curing of the 
thermosettng lesin off the dimansionally defined fining sheet to a predetermined level of 
hardness and strength. 

According to a second aspect of the present invention an arrangement for producing a friction 
nnino. ccmprissig fibrous and/or filamentary reinforcement and friction modifying materials in a 
tt,«„pos«tSing binder matrix between one major face of the element and an opposite one 
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defining its thickness, comprises 

a) formulating means. operat)te to produce a green friction lining sheet in which the 
thermosetting Wnder matrix is uncured and fc>8low a setting-up temperature at which cross- 
linking thereof is initiated, b) a statjilising press indudingl) a bed shaped substantially 
corresponding to the profile required of said one face of the lining sheet and dimensioned to 
receive a said green lining sheet wflth said one major face thereof a^nst the bed, 2) a non- 
sealing closure member having a dosure face oonresponding to the sheet required of the 
opposHe major face of the lining sheet 3) guidance means extending away from the bed and 
operable to support said dosure member overlying the bed with the dosure face directed 
thereto and effect guidance between the dosure member and the bed in a direction towards 
and away from the bed. 4) heating means operable to heat at least one of the bed and the 
dosure member to above said setSing-up ternperature for the lining element. 5) ram means, 
having relativeiy displaceable parts fixed and movable respectively ttflth respect to the bed. 
operable to drive the closure member and bed towards each other, 6) locking means operabi 
to retain the dosure member in position with respect to the bed. and 7) control means operable 
(i) to cause the ram means to move the dosure member to sandwich the green friction Bning 
sheet between the dosure face and the bed, 00 to cause the ram means to apply a force 
between the dosure member and bed increasing between predetermined levels in a 
predetemiined consolidating interval, suffident to force the materials of the lining sheet into 
conformity with the dosure member and bed without signiffcant extmsion of unconfined 
materials, prior to signifteant aoss-Unking of the thermosetting binder matrix due to heat and 
pressure applied to the surface regions. C«i) to initiate operation of the locking means to lock the 
dosure member in position with respect to the bed at the end of said consolidating inten/al for 
a setting-up inten^al in which said surface regions achieve by continued cross-linking structural 
strength in excess of internally generated forces resulting from the cross-linking and heating, 
and fiv) to initiate release of the tocking means at the end of said setting-up inten/al to pemiit 
the intermediate lining sheet of partiatty cured, dimensionally stable fricfion lining material to be 
removed from the press, and c) oven oceans operable to receive said intemiediate lining sheet 
unconfined at a predatemriined baWng temperature in excess of said setting-up temperature for 
a predetermined baking inten/al to effect additfonal cross-linking of the thermosetting 
components thereof to cure the friction lining to a predefined condition of hardness and 
physical strength. 

Embodiments of the invention will now be d scribed by way of xample with reference to the 
accompanying drawings, in which:- 
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Figure 1(a) is a parspeciivo view of components employed in relation to a friction element 
comprising a bcBke shoe illustrating relative dimensions and juxtapositions of a shoe body 
having a cy«indrically aicuate platfonn and a substantially cxxrespondingly arcuate friction lining 
dressdd. tfiat Is, msx*>&Tsd, drited and ttimm^i to size, for attachment tJtereto. 

Rguna 1(b) is a psrspsdive view of an arcuate dressed friction lining ^leet prior to cuttinfl frrto 
a plurality of the linings of Figure 1 (a). 

Figure 2(a) is a flow chart sho\A/ing schematically the operational steps in manufacturing an 
arcuate friction lining in accordance wfth the present invention and incficating the apparatus for 
p3ffw?mng sp^afk: operations including a stabilising press for producing a partially ojred, 
intemxediate lining sh©et and an oven for baWng the intemr^ediate fining sheet to comptete 
curing unoonstrainsd. 

Figures 2(b) to 2(c) are perspective views, similar to Figure 1(b) of the friction lining sheet at 
various stages of resin cure, being green. intemnediatB and undressed lining sheets 
r\9SpecStvely, 

Figure 3(a) is a secStonal elevation through the stabiFising press indicated »i Rgure 2. shovwMJ 
a recessed heated bed dimenstonad and profiled to receive an arcuate green lining sheet and 
a heated dosuie member, ram means to apply sandwiching pressure to the sheet by way of 
the ctosue member, and control means to monitor and control the level and duration of 
pressure to pmvxle a dimensionally stable, partially cured, intermediate fining sheet 

Figure 3(b) is a sectional elevation through the stabilising press taken at right angles to Fjgure 
3(a). sho««ng tfte guidance means defined by spaced guidance pSates and separated by a 
ehermaBy conductive metal block defining the recessed bed of the press. 

F«gitf» 4 is a scherrwrtic sectional elevation of continuous oven means for baking the borxted 
intermecfiate fining sheet to a further degree of cure on an unconstrained form and on a 
contirKious basis, and 

Figures 5(a) to 5(c) are sectior>al elevations, generally similar to Fgure 3(b) of alternative 
detailed fbrms of press bed. 
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Figure 5(d) is a sectional etevation. similar to Figure 5(b) but showing the inversion of 
-relationship between guidance means, press bed and dosure member. 

Figure 6 is a sectional elevation of an alternative fomi of stabilising press in which the green 
ining sheet is introduced vertically and sandwiching pressure applied horizontally, and 

Figure 7 is a sectional elevation, similar to that of Rgure 3(a), through a separate embodiment 
of stabilising press in which the dosure member indudes an array of small vent apertures 
oommurwating with the atmosphere vwhereby the lining elefT»ent can vent directly from the 
major face thereof that is pressed by the dosure member. 

Referring to Figure 1. the component parts of a friction element in the form of a brake shoe of 
the type used in a drum brake are shown. A shoe body 1 1 is fbnmd of steel and comprises a 
cylindrically cun^ed platform 12. which forms a section of a notional right drcular cylinder having 
an arc length L in the direction of curvature and being substantially flat of width W in a 
transverse direction parallel to the kjngitudinal axis of the nottonal cylinder defining the 
curvature, and a substantially planar bradng web 13. whidi Mclends perpendkxilarty to the 
platfoiTO as a central spine and to the edge of which web the platform is welded at inten^als 
ak>ng its length to define the curvature. The shoe body is conventional in sttMcture and may 
conform with conventional variants, such as the platform being divkJed atong its length and 
assembled from two "half-platforms" weMed to the web. 

In addition to the shoe body the components indude a friction fining element 16. The lining 
element is conventional in including friction modifying materials and reinforcement fibre and/or 
filaments n a complex themiosetling copolymer matrix of a thermosetting resin and nitrlle 
oibberasabinder. 

The yning element is dimenstonally fixed due to cross-linking and curing of the thermosetting 
resin binder at elevated temperature and pressure, the precise values of which determines the 
frictional and physical parameters of the linirtg. 

The cured lining having so<:alled final dim nsions, that is. the dimensions at the nd of the 
curing phase, is dressed, that is, cut, ground and otherwise madiined or drilled to impart 
predse size and degree of curvature to ttie major feces 17. 18. thkdviess Tl to minor faces 19 
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and fbdng hotes 20. all of which are known in the art 

It is also known for such a dressed lining to ba produced initiaUy as a larger sheet Iff, as 
shown in nguro 1(b). from which individual linings ana cut as indicated by broken lines 16-. 
Ctearty fac® machining and/or driDing can be carrisd out on the lining sheet prior to it being 
cut into Irttfividusd Bnivtgs. 

Tlhe prasant invention prindpaUy concerns the manufacture of a lining sheet having properties 
a!nd dimensions suitable to such dressing and provision of several linings 16, but it win be 
u7>derstood thfit a Bncr^g sheet may be manufactured substantially of the lining cSmenstons 
naquirad for a single shoa. 

Referring now to Rgure 2(a), which is a flow chart indicating both the processes or operationat 
steps thsit form the manufacture of a fncSon lining sheet of such thickness and cun/atura as to 
serve as a dynamic, or server, dmm brake of a medium sized (1 tonne gross. 2 litre engine) 
p&ssenger automobie or parking brake of a similar or larger vehicle and, where appropriate, 
spsdfic apparatus for performing those processes, and to Figures 2(b) to 2(d) whtah iBustrste 
fiva products of such steps, a Unction material is produced in oonventioruil manr^ in 
fbrnnjlc^ moons (30) by admbdno (31) the above described ingredients, with the njibbsr as a 
fine powder in which the molecuiar chains have been reduced mechanically so that it is able to 
combine chemically the resin used in lk)uid form, to give the binder a handleable plastic 
cx>n^sb^tcy and suitsd to rolling (32) substantially at ambient temperature to define wSh the 
frttStoi rrotSftfing and reinforcfifnOTt green bwig sheet 40. FigiTO2(b), 

of predetermined density Dq and dispose the fibrous materials in alignment with matjor feces 
41. 42, bounded by minor faces 43, that define its ro6led thickness To. For a lining element 
hflvirtg ths cflrrvanstons for this class of brake a lining thkrkness Tt of about 4.5mm ar>d a grsen 
Hhsckr^dss of Tq of 6mm or less is to ba expected. The rolling also includes a curting, or radius- 
rolliing, step (33) whereby the lining sheet is passed between rollers running at different speeds 
srtd assumes a gpneratty cylindricsil curvature corresponding appronmately to the curvature of 
breU® shod pSatfomi for which it is interxied. 

DeperxSng upon the nature of the thermosetting resin binder, that is, whether or not its curing 
nsduRs en sas^s withcn the material, the density Dq of the green fining eeement sh^ is typxally 
80%-^% of t^^e dsnsriy Dl required of the lining when the vssm is cunsd and it is secured to 
tfta shc£> pteitform, that is. OG^(Ot-6D0. As is common in th art, the density requinsd of the final 
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lining is I ss than the theoretical maximum density, typically of the order of 95%. so that the 
rolled material may have a density of 75%.30% of being fully densified. 

Ukewis« the rolled thickness To at this \c^f density is correspondingly greater than the 
desiied final thickness T to alto«v the change ir^ volume by v«y of minor changes in length and 
v«dth and to produce said change 60 in density by v«y of a reduction in thickness, that is To = 

The rolled arcuate gieen lining sheet 40 is disposed in a stabilising press 50 such that one 
major face of the sheet rests on a heated bed of the press substantially conforming thereto .n 
cun«rtur« and the opposite major face is abutted by a heated non-sealing dosure member 
conforming substantially to Uie cun^ature of that face (as more fully described below), a 
sandwichingi^ssure time regime is established v«hich resute. v«thin a short Interval typically 
less than one minute, in the themv>setting resins of the yning aS^ieving sufffcient degree of 
cn^ss-linking and settings to give a d^sionally stabilised, partially cured. intem«d«te 
lining sheet, 45. Figure 2(c). tha. can be removed from the stabilising press and subjected 
unconfined to continued elevated temperature and resultant cross4inking of the resin by so 
called fr^e^ng in oven means (100). The oven means is heW at a temperature in the range 
240-300-C and each intemiediate Uning sheet is disposed therein for about 20«) minutes to 
achieve a degree of frktion material curing typically required for a frictton fining of a brake to 
give it the properties of hardness and mechanical strength required, resulting in a final, 
undressed, lining sheet 46. Figure 2(d). has the physfcal properties and dimensions 
requiring only minor dressing operatfans to give the dressed lining sheet 

It will be appredarted that the techniques and apparatus emptoyed in the steps (31H33) with 
regard to the Ining sheet are substantially conventional and they, and the collectively named 
fbmiulating means 30 for effecting th«n. do not require descnWng or illustrating in greater 
detail. 

Refemng also to Figures 3(a) and 3(b). the stabiising press 50 associated with that operation 
step is dimenstoned and shaped to produce the intemiediate fining sheet 45 of Figure 2(c). 

The press 50 comprises a recessed bed 51 . the floor 52 of which is arcuate in on direction 
and has a cun/ature substantially corresponding to the radius of cun^ature required of the lining 
Sheet and dimensioned to receive green lining sheet 40 with said convex major face 42 against 
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A fwvsaaline dosure mambsr 53. having an amjata dosure faos 54 that coiresponds to the 
pnrfBa required of the opposite major face 41 of the lining sheet, is supported overlying the t>ed 
th» dosure face 54 directed towards the bed by guidance means 55 airanged to effect 
gui<&noe to relative motion between the dosure member and the bed In a dinsdion towards 
and SMB^ from the bed. 

Simdurayy, the stabilising piess 50 comprises a pair of spaced metal guidance plates 56. 57 
spso8d apart by the wkJth of the dosure member 53 sudt that it can 
fsOTg surfaoas SS" and 57 respectively thereof «*hlch define the guidance means 55 and 
vwthout ejfectrig any seal to gaseous produds . 

The paate 58 has a shouWer 58 e)deridlng front sakl fadng surface 58^ 
57 and likewise the plate 57 has a corresponding shoulder 59. The shouktefs define the bed 
51 of tf» preiss and are separated by a metal spacing block 80 vwhtdi defines, and provides 
vwSh the shoulders, &w ftoor 52. 

Th» shoulders 58 and 59 and the surtaoa of the metal spadng Week 60 are. of course, arcuate 
and define the part<ylindrical cun/ature of the bed of the press. The bkxk 60 further oompri^ 
nased portkjm 82. 63 spaced apart in a diredian parallel to the planes of the guktenoe plates 
snd defining the ends of the recessed bed. 

Keatkv means. Indicaitod generally at 64. ia operable to heat each of the bed and dosure 
msmber, porticulaily tfw surface 52 of the bed and dosure surface 54 of the dosure member, 
to temperatures h excess of a so<aHed setHng^Jp temperature required to initiate crossJintang 
oJ the grean thsmiosetBng resin bander. Typically a temperature in ths range 210^25(rc is 
depending upon the precise themiosetting properties of the materials. The heating 
msens comprises one or more apertures 65 in btock 60, into each of whcdi is inserted a 
ttssSrts etement Qd to supply haat to the press bed 52 and maritain it at a desinsd 
tenperatura, and one or more apertures 67 in the dosure member 53 into each of which is 
instated e haatbig element 68. 

The edges 5S" and 57" respectively of the guidance plates remote from the shoulders that 
define the press bed are conveniently also arcuate to fadlitate placing of the green lining sheet 
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between the guidance plates and against the Ised. 

The press 50 also includes ram means, indicated generally at 70. having parts displaceable 
relative to each other and fixed and movable respectively with respect to the bed 51 . The ram 
means is operable to drive the dosure member towards and away from the bed of the press. 
Conveniently the ram means comprises a simple pneumatic piston and cylinder anrangement 
71 and a souit» 72 of pressurised fluid for the cylinder, to displace the piston v«th respect 
thereto, which is able to exert a limited maximum pressure only on the closure member, such 
pressure being low for a manufacture in this art. and of the order of 50-150 kN/m^ (7-21 .75 psQ 
for a lining sheet of this thickness. 

The ram means further includes a ram intertace 75 coupled to movatts ram part 71 at 78 and 
to the dosure member at 79, conveniently one or both couplings being pivoted. 

Loddng means, indicated schemattoally at 80. is operable to retain the dosure member in 
position viflth respect to the bed v>/hen required and notwithstanding the level of any reaction or 
back pressure exerted on the ram means by the closure member. 

The stabilising press further indudes control means SO which controls and co-ordinates many 
of the integers of the press described above such that it operates in accordance vwth a 
predetermined regime to produos the above-mentioned dimensionally stabilised, partially 
cured, intermediate lining sheet 45 of density Di and thickness T,. 



The control means 90 Is coupled to provkle mstrodion signals to. and receive monitoring 
signals from, the ram means and kxddng means, in partieular monitoring the reaction pressure 
imposed upon the kscWng means by pressure within the lining sheet The control means may 
also, for convenience, control the heating means 64. 

Considering operatton of the stabilising press in produdng an intermediate lining sheet 45. 
dosure member 53 and the bed of the press are heated by the elements 64 and 65 to th 
temperature defined by the control means The recess ftoor 52 of the press and dosure face 
54 are treated with a mould rel ase agent fif th y do not have a permanent non-stick coating) 
and the arcuate green element 40 is disposed manually or by machine on the bed floor. 

The pre-heated dosure m mber is displaced between the guide plates 56. 57 by the ram 
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means and permrtled to rest on the concave face 42 of the green lining sh et. At this time the 
fining sheet is. by way of Its niajor faces 41 and 42. in receipt of heat transf ned from the press 
bed and dosure member face and beconnes, at least at the surface regions, relatively fluid or 
mobile. 

The ram means is actuated by the control means such that the ram interface applies a 
sandwiching pressu© which is increased from the initial, substantially zero, pressure for a 
pfBdetermined consolidating inten/al to reach a said predetemnined, but still relatively low, level. 
The instantarwous pressure level effects plastic flow of the green lining materials into 
confonrrity with the recessed bed 51 but, bearing in mind the absence of sealing between the 
dosure mernb^^ md guidance plates, is chosen to avoid any significant extaision of the lining 
material between the dosure member and guidance means before the onset of cross-linking 
and settingHip of the resin. Such consolidation of the more fluid material under pressure has 
an effect of reductfig ^ thickness somewhat After an initiai heat-absortring period in wtvch Ihe 
resin binder achieves this fluidity, cross-linking begins to occur which results in evolution of 
gasses and vapours wrtNn the matrix of the lining, induding those trapped by the initial mixing 
and roOing, whk:h are capable of leavirtg the element between the carrier and guidance plates. 
Such gases are helped out of the element by the increasing sandwiching pressure and the k>$s 
of these may result in a reduction of thickness from To = (Tl-^STO ^ T| « (Tl^^SiTO. 

For an 'automobie size' of brake shoe frictxx) element it has been found that increasing the 
pressure over a cor^solklating hterval of ^>proximately 4S seconds to a level within the range 
of 35-120 Mi/iT? (5-17 psQ is suitable and for a more extensive sheet, within the (range 
SO-ISOkNAn* (7-21.75 psi). 

Furthermore, after only a few seconds that represents the consolidatirtg interval the odss* 
linking of the thermosetting resin t)inder at the surface regions of the element in receipt of heat 
from the bed and dosure memt>er is sufficiently advanced that most of the initially present and 
evolved gases and vapours have t>een fbrced out as setting-up commences and the 
dimenskxis of the sheet are ttK>$e applicable to the fuHy cured fining sheet notwithstanding 
that the bulk of the lining material has rK>t achieved such level of cross-linking and is still to 
undergo such process with its potentially atterxJant gas and vapour vokitkNi. 

At the end of the aforen>ent»ned and predetermined consofidatrig interval, the control means 
actuates the kxking means 80 which maffitains the separetxxi achieved between the dosue 
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member and press bed for a further, setting-up period, typically about 45-120 seconds, to 
permit a further degree of cross-linking adjacent the heated surfaces and progressiv ly further 
within the bulk of the rnaterial. Notwithstanding that internal pressures are generated within the 
lining material by gases evolving during said cross-linking, which internal pressures react 
against the tocking means, these gases are permitted to escape the boundaries whilst the 
tocking means prevents the relatively fragile solidified major surface regions from being 
ruptured by these additional, but relatively short-lived, internal forces. 

At the end of this settingHjp period, the level of reaction subsides significantly so that 
notwithstanding \t>s incomptete level of aoss^inking within the resin binder, the lining element 
can be removed from constraint and remain dimensionally staWe having achieved its final 
density D| (-00 and IhKkness Ti. 

-me control means SO monitors the pressure exerted by the ojring lining sheet on the ram 
means and locking means throughout the consdidaling and setting-up intervals; during the 
consolidating interval the pressure exerted by the ram is a measure of this and during the 
setfin^p inten^l. the force exerted on the locking means by the sheet pressure is measured 
by a toad ceO 92. or the like. 

K wHi be appreciated that effecting a rapkl setting-up and partial cure that results in a 
dimensionally stable intermediate lining sheet is suljject to a number of interrelated variables, 
such as lining material compositton. dimenskjns. bed and dosure member temperatures, 
applied consolidating pressure and rate. 

It is found most practicable to undertake, for a particular frictkxi lining material composition and 
final rming sheet size, experimental operation various temperatures, consolklating 
pressure rate and interval and settingnip inten«l parameters vwhfch results in an intermediate 
ining sheet having the correct dimenskms and density, that is. known to result in friction lining 
having the desired physical properties after said unconfirmed baking. Thereafter, and 
substantially reproduced the manufacture, the temperature, sandwiching pressure and time 
inten^als are stored in the control means, or means coupled thereto, the reaction pressures 
from the lining sheet are monitored s a fundwn of time throughout the consolidating and 
setting-up inten/als and the monHored and stored param ters compared, it being possibi to 
determine with a considerable degree of certainty that the intermediate lining sheet is 
satisfectory or not that is. whether or not it is to be accepted or declared a reject 
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Most pradicably. Ihe temparature and pressures parameter are monitored by sampling at 
intenfals and. if necessary, any parameter values at intemiediate times interpolated from these. 
Th« valuss obtained at or interpolated from, the sampling times are compared v«th the stored 
80O9pt8i)t9 vaUiss for corresponding pants of the process against a predetermined and 
retalhreiy analt threshold of disciepancy. v^^hereby if only a few samples depart fnxn the stored 
parameters v^thout shewing a trend, thsrt is. there is overall conformity, the intermediate 
product is not t^ed. Alternatively or additionally, each value of temperature and/or pressure 
monitored at a sampling time may be compared «flth stored acceptable values for a 
correspcntSing point of the process and any discrepancy in excess of a predetermined and 
relativsJy ts3B3 threshold resuK in instant 

may be ^jpJrad togothsr. Furthermore such comparisons may fblow (fiffarBrt criteria and the 
paramelMS may be monitored on a continuous basis rather than by samples. 

At the end of the setting-up inten/al. the control means releases the locking means, the ram 
means m retracted away from th« b«d artd the now partially cured intermediate sheet is lifted 
from the bad of the press by ««iy of the guidance plates and depending upon me resuK of th^ 

monitoring snd compaiisons undertaken by the control means, at least an indication is given 
vs»h«th» or r«« ths shMt is suited to b« pas$«) to the further ftB^ 

-ma h^tsd prsss bad and dosuna are each treated with mould release agent if 
naoessay and the cycto 1$ repealed of disposing a green lining sheet in the recess and ^ 

a pr«h8al»dctosure member thereon befbre applying sandwiching pressure. 

Each irtteririsdiate ining sheet that is rsmoved from the stabifBing p^ 

a reted, tec such strength as to be dimensionally stabJa both to handling forces and any 

jntemdftoces resulting frtm conbnuat^ 

temperatiae. 

Each 8udi intermediate lining ahaat 45 is placed in oven means 100 maintained at a 
temperature that is conventional for final curing of friction lining material based on 
thwmo»ai^ resin bindws. in the range 240-300"^. The intennediat lining sheet, which has 
a comparatively low thermal mass and may still be hot from the stabilising press, is. absent the 
tresiticrs] carrier wHh its large thermal capadJy or any additional means to effect constraint on 
the Bnii^ ^»»ti quicWy abSe to al>sort> heat necessary to continue curing of the thermosetting 
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resins of the lining element sheet Each intemiediate lining sh et is held within the baking 
oven for said relatively short time interval of 2CV60 minutes during which the additional degree 
of r«sin curing achieves the desired degree of hardness and mechanical strength required of a 
lining sheet for use in a brake shoe of a vehicle wheel. Clearty the degree of final curing by 
which desired physical properties can be achieved is open to variation by changing the precise 
duration of free baking in the oven and/or temperature of the oven. 

The oven means 100, shown schematically in Figure 4, is a continuous oven having a 
curtained inlet region 101, to receive the bonded intermediate lining sheets, and transport 
means 102 in the form of a continuous conveyor belt on which the sheets are supported, 
operable to transport each sh^ through the oven in a predetermined time interval and 
discharge it therefrom at a curtained outlet region 103. An alternative trar>sport means, not 
shown is an overtiead track or the like from which each sheet is suspended. 

The resultant friction lining sheet 46 of thickness T| = (Tt+fiiTi) is then of a fonm oorresponding 
to one produced in much kxiger time by the conventional process and able to be dressed by 
the aforementioned machining of its thickriess by 5|Tl, drilling, cutting etc. 

It will be appreciated that notwithstanding the eight-to ten-fbM reduction in time spent by each 
intermediate lining sheet in the oven means to obtain a commercially useful throughput from 
such oven means, dictates that a significant number of irttermediate lining sheets are 
contained within the oven at any instant 

With some forms of transport system, such as an overhead conveyor from which the sheets 
hang, the track may folkjw a meandering path through the oven whkSi the products enter and 
leave serially. In such a case the each intermediate sheet released from the stabilising press 
may be directly attached to this transport system, so that the thnoughput rate of the oven 
matches that of the stabilising press, sut>iect of course to any rejects. 

N/Vith other forms of transport system, such as conveyor belt, vwth which it is less easy to devise 
other than a direct route through the oven, it may be appropriate to have one or more 
stabilising presses 50 providing intermediate lining sheets at a rat greater than th cyde rate 
of an individudl press as described abov . For xample, a plurality of stat>ilising presses may 
be set up and operated in parallel; this is economk:ally feasible through the use of relatively 
inexpensive pneumatic ram means and the exceptionally kyw sarvSwiching pressure applied 
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Ihereby in thd consolidation inten^al and simple configuration of press bed and guidance 



means. 



AHematively. a plurality of press beds may be movably disposable with respecA to single ram 
meam, diJ?»rent from that d®soribsd above in th^ 

closure m«mb»r dir«cS!y with respect to the guide means. possibOy manually, so that the ram 
can be retracted after the short consolidation inten/al and the bed moved for the duration of the 
setting-up interval whilst the ram means is employed in applying sandwiching pressure to a 
replaoement bdd. 

Clearly there are a number of options available for perfomning the safKiwIchIng operation 
throughout ocmoSdation and setting<ip intervals. 

Within the consofidating interval the control means as described may admit gas to the 
pnsumatic ram means such that the load the ram applies to the shoe body increases in any 
specified manner for the consolidating inteival. The load may be caused to Increase 
sutostoTtia% Bnearty throughout the irtiamd or fbJ^ 
it rnay also respond to back^jfessure firom within the to^ 

relationship. 

It wil ba appredaied that the duration of the setling-up intenral may be chosen in response to 
tims coostiaints imposed by other processes such that the cross-linWng has not prooaeded to 
a degree wherein the reaciion pressure on the locking means has subsided to a level and for a 

duration that it is saf* to release the loddng means from the stilWwaled lining sheet vwithout 
that sudden drop in pressure being significant in respect of creating gases and/or vapours in 
the thermosetting materials. In such drcumstances. the control means may be arranged to 
cause the raw rneans to apply a sandwwdiing pressure equal to that monitored from the to^^ 
means and. after release of the locfdng means, ramp down the ram pressure as a funcJion of 
time. 

AKemathrely, instead of detemwing a substantially fixed and impfidtfy conservative setling^jp 
interval after wWrii the level of reaction is certain to have fallen, the control means may. as a 
resdt of fTwnitoring the reaction pressure level, determine in each case when the level has 
^len to a consistently low value to temninate the settingnjp inten/al on that basis. 
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Fran the above descriptions it will t>e appreciated that within certain constraints, usually 
temperature ranges associated with cross-linking behaviour of the thennosetting resin 
materials used in making friction lining materials, there is scope for variation of time inten/als 
and some process steps in accordance with the specific materials emptoyed and the physical 
parameters desired of the finished friction eiement However, notwithstanding such minor 
variations, it will be appreciated that the initial ooss-linking/stabilising phase undertaken in the 
stabilising press has a duration of atxxrt one minute, including toading and unloading, and the 
ffe^ baking of the dimensionally stabilised lining sheet takes only 60 minutes or less. 

It is to be e)(pected that friction elements having larger sizes of lining, particularly in thidcness. 
re<^ire changes in durations and pressures and possibly temperatures to ensure tiiat the 
larger volumes of gases trapped further from venting surfaces can be expelled properly and 
achieve a unrform density of lining and heat for cross-linWng can penetrate to all parts of the 
fining sheet, to be in prindpie as described above. 

whereas the above described manufecturing process is configured to materials which 
themselves, and as a result of the adminng and roRing into plastic form, have tapped gases 
and/or volatile materials and/or take part in chemical reactions (typically, but not necessarily, 
condensation reactions) during curing which gives rise to such gases, and for which the ability 
to vent such gases is essential, it v^l be appreciated however that the resin binder material 
may have a composition which cures without significant evolution of gases, but the method 
and apparatus as described above may still be empksyed. 

Whereas ti>e above descriptions have concentrated on the production of a friction lining sheet 
that IS suitable after dressing for an arcuate brake shoe of which the friction lining is Intended to 
bear against a cylindrical brake drum, It may also be emptoyed, with modification only to the 
sY^pe of the l>ed and closure members, to manutecture a substantially flat sheet for brakes of 
other types such as for a disc brake pad, or dutch plate. 

K also be appreciated that the structure of the stabilising press may t>e varied from that 
described above whilst performing the same function. For example the bed of the press may 
be shaped to support the cor^ave face of the green lining sheet 

It t^H be appreciated that although it is convenient to k>ad ar>d unk>ad the stabilising press 
manually, tiie relatively simple operations may be performed by. mechanical manipulation 
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means. co-onJinated with, or under the control of. the control means SO. 

in particuter such manipulation coutd be associatod v««h automatkally ejecting rejact 
intemiediatd lining sheets from the process and preventing their reaching the oven means 100. 

Olher variations are possible. For example, the ram means may oompns« « mechanical lead 
scrsw aroncament or a hydraulic piston and cylinder afiangement in the latter case the 
tockioQ means may operate by providinfl a hydraulic lock and the readion pressure measured 
by wway of monrtonng pressures or pressure differentials v^flthin the hydraulic lock. 

hvMba appreciated that the extremely low consoMaling pressue appied by the stabttslng 

press is Bkaiy to bs msufWent to effect signifieart redistribution of the material of tha lining 

shsato vyhBat avoiding exossswe aKlrus^ 

have radii of cun«tiim lhat result in their Itoor and eiosure fa^ 

parallel and the green lining sheet is of uniform thickness then the pressure is unlikely 

more than a minof dsvialion in cun/ature of one or both of the major faces of the s^ 

press to aehcave nonninifbrm thk*ness. However, the oonsoBdating pressure itself, or a pre- 

comoSttelir^ or shaping pressure, nay be apptod by the ram macis to enable the dosure 

fnamb» to tend a substantially flat bu« plastic green lining sheet, supported at indi^ 

by the profEsd bed. into conlbmriity with the bed and ctosure man^ 

consolidatir^ pressure. 

Furtttamtore. given thai the lining sheet is fbrtrod by rolling, one or bolh faces may be 
profted by a pattern, of peaks and reossses that comprise a 'rou^' finish for mecharwcal 
engagsmsnt of the csured lining or to ease cutting of the a*ed dteet and conesponding 
profEes (recesses and peaks) may be provided at the surfaoa of the press bed and/cr the 
ctosure msrrtw v!*>ereby notwithstanding the absence of a smooth major 
abutted and supported in conformity with the whole surfece. 



It wiU be ajjjwwaatisd that the bed of the stabilisa^ press may be formed other than by 
ccwtSSsnsittcn of shoukter and gukJanoe plates and an inten^ening btock. For instance, as 
ilhistrated e\ Rgura 5(a). ths shouldor of each guidance plats 55i. S7i may be more axtansiv 
audi thas tftsy abut each othar and e&viate the 8«?wrate bkick. Alt^nativety. as illustrated in 
Rgura 5(b). Ste giKSsnco pteitos 582. STj may be fcmvsd without the above-described ints^ 
shcukters and ^ floor of ths recessed bed be formed totally by ^ surftne of a separate 
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biock 60 as descfibed above. 

Furthefmore. in any of the above^escribsd configurations, the guidance plates may be 
separable from each other to facilitate removal of an intemnediate lining sheet and. possibly, 
insertion of a green lining sheet Such an embodiment may be particularty attractive in vvhich 
the floor of the bed is split parallel to the gufdance plates whereby the plates and bed parts can 
be moved apart to permit an intemiediate lining sheet to drop from the stabilising press. 

A recessed bed fofwod simply between the guidance plates and a floor joining them may 
result in the minor edges of the green lining sheet being endosed by the giidanc© plate under 
consolidating pressures to the extent that, noftwilhslaryling the absence of specific sealing (hat 
effects a venting path between the dosure member and guklance plates, the gases evolved 
during the consolidating and setting^p intwvals do not readily escape from the fining sheet 
and represent by the pressure Ihweof w^hsn the sheet a possible cause of sheet reje^ 

the control means. 

The recessed bed of the stabiBsing press may be fbrrned as shown in the sectional elevation 

Figure 5(c) vwith the surface W of bloek 10 displaced vwlh respect to the shoulders 58. 59 of 
the guidance plates to such extent that a shalow recess 51*. is fomfwd in the floor of the bed of 

less depth than the thickness (Tr^6T,) required of the intermediate lining sheet, but at least as 
extensive as the other dimensions so that the green lining sheet 40 can be received in it When 
so received, as shewn ghosted, (he major face 41 of the green lining sheet opposite to that 
supported by the floor of (he recess is without tNs nacess. thereby exposing in part the minor 
surfaces 43 of the sheet spaced from (he giBdanoe plates by (he width of the shoulders 58 and 

59 and. notwithstanding any minor degree of extrusion of the IWng material into the spaces as 
a result of the low consolidation pressure, provided a more efficient and certain escape route 
for gases vented during the consolidation and setting-up Intervals. 

In yet another variant of (he stabilising press shown at 500 in Figure 5(d) the arrangement of 
Figure 5(b) is modified such (hat the member 501 with major surface 502 attached to the ram 
means includes spaced, depending guidance plates 503 and 504 vwhich, in reciprocation, can 
surround an un^ltod member 505 having surface 508. the members 501 and 505 being 
correspondingly (tat or arcuate in a direction orthogonally to the plane of the Figure. This may 
be viewred as haying the guidance plates coupled to dosure member 501 rather than member 
505 defining press bed 508; alternatively, this may be viewed as the member 501 defining 
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press bad 502 and the member SOS defining the dosure member, that is, with the ram means 
arrangsd to move the press bad rather than dosure membar. It will be appreciated that as such 
redprocal movement between press bed and dosure member is relative, in any of the 
embodiments described and illustrated above, the ram means may undertake absolute 
movement of the press bed with respect to a "ftted dosure member. 

H vwll also be appredatad that when the press bed and dosure membar are correspondingly 
arojate in on« plane, it is possible for either one to be concave or convex, provided they are 
the substantially same as each other. 

appradated that \««lh the essenttaUy vertieal sandvwching motion and genaraBy 
longitudinally eKtemfing press bad and cJosure membar surfaoa. « is most conveniant to 
dispose tha gr«en liniing shsat vwth respad to lh» press by placing it man^ 
wi©i ens major face thereof against tha press bad (or dosure mambar, dapandirrg on how 
defined). TDe stabilising press may ba oriented such that the redprocalion of the ram means is 
assantially horizontal, that Is. tha plane of the lininQ sheet is substantially vortical. TWs may be 
imptomanted. as IBualratisd in stabilising press eco in Rgure 6. suc^ 

601 is plaoad between the horizontally planar guidance plates 602 and 603 by way of an 
apaitura ^ in tha upper one so that initially its maijor faces are in contact with neither the 
press bad 605 nor dosure member 608. The ram means 607 may then be controlled to contact 
onafaoa 608 of tha gf«en lining sheet 601 and displaoa it laterally and away from the aperture 
604 fuBy between Ihe guidance plates until its opposite major face 609 contacts the press bed 
605. 

The stabifising press as dasoibad above may be further nxjdified in respect of the dosure 
member. As iBustratisd in Figures 3(a) and (b) the dosure membar has the single surface 54, 
dafined as the dosure face, contomrang to tha arcuate shape of the press bed and is 
pamianently couptad to the ram means, being retractable thereby to permit positioning of a 
green ining «h«at end removal of the intennadiate lining sheet It ««« ba appradatod that the 
dosure member may be dismowitable from the ram interface, or with the nam interface from 
the ram. It will be appreciated that such demountable dosure member will lose heat unless it is 
coupisd to tha heating means; if it is not practicable to maintain the internal heating elements 
coupled permanently, the heating elements may be arranged to effed a rapid temperature 
increase and/or the heating means may comprise a separate preheating oven (indicated at 64* 
in Figure 2(a)) in which the dosure membar is disposed when not attached to the ram 
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int rface; such preheating oven could be a continuous oven as d scribe for oven means 100 
aind deliver pre-heated dosure m mbers on a timed continuous basis synchronised to the 
pressing operation. 

Not only the dosure member, but also the press bed rtself may be discrete from the source of 
heat, either being pna-heated in a remote oven or the like before use or mounted on a heated 
bed or hot-plate to receive heat therefrom by conduction. 

Furthemiore. aWhough the above description has concentrated on the ability to rapidly define 
final dimensions by initially applying heat to at least the major faces of the lining sheet to 
cx)mmence a combined gentie moulding arxi setting-up of resin binder of the surface regions, it 
will be appredated that if it is required by virtue of the fining sheet dimensions and/or materials 
to commence such consoSdating and setting-up more slowJy, and not 'over-cure' the surface 
n&gions to too great an extent in advance of deeper regior«. then one of the press bed and 
dosure member may be unheated above ambient temperature and the heat that complements 
the oonsolkteting pnassura be applied through one face only, or one or both bodies may be 
raised in temperature with the lining element in situ to effect such a said more progressive input 
of heat to the surface regions of the lining sheet 

In the embodiment variation described above with reference to Figure 5(c) it was discussed 
ffiat provision be made for ensuring that venting could occur by way of at least parts of th 
minor surfaces of the lining sheet and between the dosure member and guidance means. 

In a further embodiment of stabilising press, indicated at 750 in Figure 7. the press differ from 
that 50 of Figure 3(a) (but like parts are given like references) in that the dosure member 753 
has, at its dosure face 754 a surface perforated with an array of small holes 755 each 
suffkaenUy large to permit venting of gases from the major face of the lining sheet it abuts, but 
also suffidentiy small to prevent extrusion of the friction material therethrough to the ext nt 
whera it could (after settir^g-i^) become mechanically intedocked with the dosure face and 
inhibit separation and/or fbmi a disruption to the material that extends within its bulk. It is to be 
expected that such dosure face would result in a major face of the cured lining sheet having an 
array of shallow peaks readily removed by subsequent dr ssing as mentioned above, or left in 
place tia assist subsequent seeing of th sheetinabrak . 

The perforated dosure face may be fomned. as illustrated, in a sheet 756 which overties a 
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plenum chamber 757 vented to the atmosphere by way of through-apertures 758 in the dosuie 
member body, or (not shown) be fom>ed by apertures which extend indrvkJually through the 
ctosure member may of ooon^ be fomied if appropriate in side wate 

and/or stabilising press bed or guide plates. 
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CLAIMS 

1. A method of manufacturing a fricSon lining sheet comprising 

(1) pfxxludng a plastic, green frtcfcn lining sheet. Including fibrous and/or filamentary 
reinforcement and friction mocfifying materials in an uncured themriosetting binder 
matrix, below a setting-up temperature required to initiate cross-linking of the binder 
matrix and disposed between opposite major faces defining the sheet thickness, 

(2) disposing the green lining sheet in a stabilising press, having a bed conforming 
substantially to the shape and dsmensior^ required of a major face of the lining sheet 
sandwiching it between the bed and a rxxvsealing closure member, corresponding to 
the shape requinad of the opposie major face of the lining sheet, at least one of said 
bad and closure members being heated to a temperature in excess of said setting-up 
temperature, 

(3) applying to the sandwiched green lining sheet by way of the closure member and 
bed, a consofidating pressure ir^creasing over a predetermir^ consolidation interval 
from substantially zero to a predetermined level permitting plastic flow of the sheet into 
conformity with the recessed bed and closure member but v«^ithout significant extrusion 
before onset of cross-linking of the thermosetting resin binder, and thereafter 
maintaining the separation between member arxj bed achieved at the end of the 
consolidation interval for a settir^gnjp interval to permit ooss-linkir^ adjacent the heated 
surfaces to define a partially cured, dimensionaHy stabilised intermediate lining sheet 
having the final dimensions of the lining, 

(4) removing the bonded intermediate lining sheet from the stabilising press and 

(5) baking the intemiediate lining sheet unconstrained at a predetenmined taking 
temperature in excess of said settingnip temperature and for a baking interval to effect 
further curing of the ttiermosetting resin of the dimensk>naliy defined lining sheet to a 
predetermined level of hardness and strength. 

2. A method as daimed in daim 1 comprising disposing the green lining sheet with one 
major face against the bed and guiding the dosure member towards the bed to bear 
against th of>posfte majjor face of the lining sheet 

3. Am thod as daimed in daim 1 or daim 2 comprising h ating th dosure member to a 
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temperature in the range 1BC>25<K: immediately prior to sancJwiching the green lining 
sheet l)etwBen the closure m mber and bed of the stabilising press. 

4. A msi&wd as claimed in any one cX claims 1 to 3 comprising maintaining the bed of th 
stabilising piess at a temperature in the range 20(y*C to 25Cr*C. 

5. A metftod as daimed in any one of daims 1 to 4 comprising increasing said 
conscfidating pressure to said predetermined level in the range 35-150 kN/m^ 
(5-2175 psi) over a consolidating inten/al in the range 4-6 secorxls. 

6. A meJhod as daimed in daim 5 comprising maintaining the separation between dosura 
msar^ and bed aditeved at the end of th© consolidating enterval for a setting-iip 
inteival of in the range 40-1 20 seconds. 

7. A method as daimed in any one of daims 1 to 6 comprising monitoring the pressure 
\Aflthin the linff^g element in the press sandwwched between platfomfi and press bad 
throughout the oonsolcdating and setting-up intervals. 

8. A method as daimed in daim 7 comprising detemilning when the mortitored lining 
etemsnt pressure has reached a stable predetermined low value to indicate an end of 
the setting-up internal. 

9. A method as ctaffned in daim 7 or daim 8 comprising (a) storing parameters relating to 
suiftabie pressure values witt>in the lining sheet as a function of time through th 
consoEdating and setting-up intervals that are known to resuR in a friction lining having 
desired physical properties, (b) rTK)nitoring continuously the pressure exerted on the 
gram biing sheet during the consolidating inten^al and reaction pressure exerted by 
^ Emrtg sheet durv)g the setting up internal, (c) comparing the monitored and stored 
vaiufds and (d) providing, in response to a predetermined degree of deviation between 
the vdues. an indication that the bonded intemnediate product is unsatisfactory and a 
reject 

10. A method ss daimed in arty one of daims 1 to 9 comprising baking the intenDediate 
fewg sheet at a temperature in the range 24(>-30aC for a baking interval in the raf>ge 
20-60 mirujtes. 
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11. A method as claimed in any one of daims 1 to 10 comprising producing said green 
lining sheet having a density in the range of 80% to 95% of the density required of the 
lining and a volume correspondingly greater than required of the lining. 

12. A method as claimed in daim any one of daims 1 to 11 comprising produdng said 
green lining sheet by rolling to effect satd major faces by contact with rolling surfaces 
and alignment of said reinforcement with said major faces. 

13. A method as dain>ed in any orve of daims 1 to 13 comprising forming said green lining 
sheet as an etorigata slab ar>d defomrw^ said slab between its ends into a substantially 
cyfindricaily arcuate shape confomiing Id a cyHndrically arcuate platform of a brake 
shoe for which interKted. 

14. A rT>ethod as daimed in daim 13 comprising defomriing said slab by passage between 
curling rollers. 

15. A method of manufacturing a friction lining, substantially as herein described with 
reference to the accompanying drawings. 

16. An arrangement for produdng a friction lining comprising fibrous and/or filamentary 
reinforcement and friction modifying materials in a thermosetting binder matrix t)etween 
one major faoa of the element and an opposite one defining its thickness, the 
arrangement comprising 

a) formulating means, operable to produoa a green friction Bning sheet in which the 
thermosetting kMnder matrix is uncured and below a setting-up temperature at which 
cross-linking thereof is initiated. 

b) a statrilising press induding 

1) a bed shaped substantially oonesponding to the shape required of said one 
face of the lining sheet and dimensioned to receive a said green lining sheet 
with said one major face thereof against the bed. 

2) a non-sealing dosure member having a dosure face con-esponding to the 
shape required of the opposite major face of th lining sheet, 

3) guidarKe means extending away from the bed and operable to support sakl 
dosure member overlying the bed the dosure face directed thereto and 
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ffect guidance between the ctosure member and the bed in a direction 
towards and away from the bed. 

4) heating means operaWe to heat at least one of the bed and the ctosure 
member to above said settingHjp temperature for the lining element 

5) ram means, having relativefy displaceabte parts fixed and movable 
respectively with respect to the bed, operable to drive the closure member and 
bed towards each other, 

6) lodgr>g means operable to retain the closure member in position with respect 
to the b^, and 

7) control means operable 

(i) to cBuse the ram means to move the closure member to sandwich 
the gneen friction fining sheet betwaen the dosure face and the b©d, 

(ii) to cause the ram means to apply a fbroa between the closure 
member and bed incroaslng between predaiemfiined levels in a 
predetemiined consolidating Inten/al, sufficient to force the matenals of 
the lining sheet mto conformily with the dosure merriber and bed 
without significant e»finjscon of unconlined matsrials. prior to significant 
cross-Inking of the thermosettir>g binder matrix due to heat and 
pressure applied to the surface regions, 

(HO to initiate operation of the lodong means to lock the ctosuns member 
in positk>n with respect to the bed at the end of sakl consolidating 
intenfal for a setting-up inten/al in which said suiface regk)n$ achieve by 
continued cross-linking structural strength in excess of irttemally 
gerierated forces rssuWng from the cross-linking and heating, and 
(iv) to initiate release of the locking means at the end of saki setfirHHJp 
irtterval to permit the intermediate linrtg sheet of partially cured, 
dimenskxtaOy stable friction lining material to be rerrKTved from the 
press, and 

c) oven fvtasns operable to receive sakJ intemiediate ^n^ng sheet unconfined at a 
predistfiirnmsd baking temperature en excess of said setiir^g-up tempersturd for a 
predetermined kiaknig inten^al to effect additronal cross-finking of the thermosetting 
oomportsstnts thereof to cure the friction Bning to a predefined condition of hardness and 
phystoal strength. 

An arrangement as claimed in daim 16 in which both of tiie bed and dosure memt)er 
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are preh ated to a temperature in excess of said setting-up temperature of the tining 
element. 

18. An arrangement as daimed in daim 16 or daim 17 in which the stabilising press 
comprises a pair of guidance plates, operabiy spaced apart by an operable datum 
separation corresponding to the width of the dosure member such that the dosure 
member can slide norvsealingly between fadng surfaces thereof defining said 
guidance means, arid defining the edges of the bed of the press. 

19. An arrangement as daimed in any one of daims 16 to 18 in which the statxiising press 
comprises a pair of guidance plates spaced apart such (hat tfie dosure member can 
sfide between them arKi defining the edges of the bed of the press, arxj the closure 
member includes at least one through-aperturB exterKling to the closure face and at the 
dosure faoe an array of venting apertures in communication with each said 
through-aperture of such dimensions as to permit the linir>g element to vent by way of 
seed dosure member durir>o curing of the resin t>inder but without the material 
esderKling through any venting aperture to form a mechanical interlock thenevrith. 

20. An arrangement as daimed in daim 18 or daim 19 in which the guidance plates 
operabiy fixed to. arnl defir^e with, the bed a t>ed recessed for receipt and containment 
of said green lining sheet 

21« An arrangement as daimed in daim 20 in v^ich each guidarKe plate of the pair has a 
shoulder extending from a face thereof towards the fadng plate defining therebetween 
sasd recessed t>ed. 

22. An arrangement as daimed in daim 21 in which said shoulders are separated by a 
spadng block the surface of which define with said shoulders said recessed bed. 

23. An anrangemertt as daimed in any one of daims 18 to 22 in which the guidance plates 
defining the gukianoe means and the bed of the press are separable further than said 
operable datum separation to permit removal of th int rmediat lining sheet 

24. An anangement as daimed in any one of daims 16 to 23 in v^tch said heating means 
of tt^ press comprises at least one heating element disposed v^n said pness bed 
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and operable to supply heat to. and defin a temperature for. the surface 



An anangenwrt as daimed in any one of daims 16 to 24 in which the closure member 
is lemovabte ftDm the guidance means and arranged to be disposed therein after 
disposition of the giwi lining etement with respect to the bed by way of the guidance 
means. 

An arrangement as claimed in daim 25 in which the healing means indudes a 
praheating oven separate from the stabilising press operabJe to preheat the dosure 
mernber and/Of press bed prior to their disposition with resped to each other. 

An arrnigemant as daimed in any one of dairrw 18 to 26 in whidi said bed comprise 
raised portions spaced apart in a direction parallel to the planes of the guidance plates 
and dafining the ends of the wmstd bed and minimum thid^ness of intemwdiate 
linir>g sheet 

An anangamart as dairned in ariy one of daims 16 to 27 in which the loddng means 
comprises rneans to tock the movabto part of the ram ineans in position with respect to 

the prss& bsd. 

An 3m»TS8ment as daiinad in dahn 28 In whk*) the ram means comprises a piston a 
cylinder arrangeinent and a source of pressurised fluid for the cylinder to displace 
pis«on with respect thereto and airanged to exert a pressure on the dosure member of 
less than 150 kNAn' (21.75 psQ. 

An aftangement as daimed in daim 28 or daim 29 in which the pressurised fluid is a 
fqutd and said locking means comprises a hydraulic lock applied to the piston and 
<^linder arrangement 

An arrangement as daimed in daim 28 or daim 29 in whkii the ram means is a 
pneumatic ram. 

An airangement as daimad in any one of daims 16 to 31 in which the control means is 
(a) oj»rabJe to store parameters relating to suitable pressure values within the fining 
sheet as a function of time through the consolidating and settingnip intewals that are 
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knoMn to result in a friction lining having desired physical properties, (b) operable to 
monrtor the pressure x rted on the lining sheet during the consolidating interval and 
reaction, pressure exerted by the lining eJemerrt during the setting up interval, (c) 
operable to compare the monitored and stored values and. (d) operable, in response to 
a predetemiined degree of deviation between the values, to provide an indication that 
the bonded intermediate product is unsatisfactory and a reject 

33. An arrangement as claimed in daim 28 when dependant on daim 28 in which the 
control means indudes load cell means operable to provide signals representative of 
the instantaneous load exerted on the actuated locking means by the reaction pressure 
from the linir^g sheet 

34. An arrangement as daimed in daim 32 or daim 33 in which the control means is 
responsive to a said »KJication to effect ejection of a reject intermediate lining sheet 
from the manufacture prior to receipt by said oven means. 

35. An arrangement as daimed in any one of daims 16 to 34 in which the oven means 
comprises a continuous oven having an inlet region, operable to receive said 
intermediate lining sheet, transport means operable to transport the intemtediate lining 
sheet through the oven in a predetermined time inten/al and to discharge it therefrom 
by way of an outlet region. 

36. An arrangement as daimed in daim 35 in which the transport means comprises a 
traveUing belt or overhead conveyor arranged to support the intennediate lining sheet 
unconstrained thereon for said passage through V\e oven. 

37. An arrangement for predudng a friction Hning sheet the anangement being 
substantially as herein described vwith reference to Rgures 2(a) to 4 or any one of 
Figure 5(a) to 7 of the accompanying drawings. 
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